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1 1 

tkm§ffiM*&. D C *tfc «t o -cats® ^tlt^ltl 1 IB«o*3t*ffio 
[If 3 ] 

^;v^V-^f-O^JK^ 5X1 0 s (watt) J&JLt-CifcS ffl|3fcE 1 t ?zl± 2 lElft©»Bi 
V— if-WV— r-atJS**. 60nJ/pu 1 s eliX^^iMH^ 

5 1 

1 4 OV*rtt*»H|B«0»j!t^rifeo 
/■?;v* v— tf-omMmWci)*, e> ioo 0^»-c**»*3l l 5 ov>1* =ft^K 
[W^7] 

[W#3i 9 ] 
1 0 ] 

^ffiwx~$>z>mim 9 sb*©**^. 

mim 1 1 1 
1 2 ] 

1 3 ] 

1 2 iem<?>* * v - - > y-ft&o 
mim 1 4 ] 

ls-*f-<D?b%mi)\ 5 X 1 0 5 (watt) JJH±t?*4B»^ 1 2ifctt 1 315«0 
1 5 ] 

U-if-OV-if-SftJK**, 60n]/pul s ettit^^Ml 2 1 4 

1 6 ] 

* Kmm<o * 9 >; - - > y-xm 0 
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[!f«U 7] 

l/-- *?~<vmMm$LiP, #f&*<b 1 0 0 0^I&T*^>»^1 2*<b 1 

\mimi 8] 
2 0 1 

[tt^2 1] 

1 2 * h 2 0 o v>i* tui* tcfamo * ^ 'j - - y yjj&znnir z>iz$><n>*w-=- 
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[0 0 0 1] 
[0 0 0 2] 

ttz, ioi^^^^swo^^bJi^ -mzmmx&io, ±mmmfr^iz 0 
«\ ^w^f^t»foj:9t^ ^jMb«i?^«WT-{±. mmirgx, mm 

[f&$!o|i§^] 

tfrnvt l x o t -t %> mm) 

[0 0 0 3] 

x # & ms * 4t#i- * ^ t z m i <o i & t l , fa&imft & m Jg. k § & & m& 

[0 0 0 4] 

X$>2>o 

[0 0 0 5] 
[0 0 0 6] 

^H«<bLTv>£^^£¥iJ^-£X^<^&< t i>-^t*-kis-%feX3bh 0 
[0 0 0 7] 

i(D^i^ \s-v-zmttLx@iM i mo£.j&*mmL, m&mtftk&i-thtf, 

X$>&o 

[0 0 0 8] 

mmmmmzs*)vxv— *f-*mM-rtiix, %%MiW!kj&-r%-t)\ ^o^*-xaw 
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£>ft& 0 It, -e-Of^O^ LTi;J\ TfE£>3oo#x.£>*L& 0 

[0 0 0 9] 

(l) /*;v* V-^f-tc J: ^^3eJfe^5ISfei*tt^#i£0*«^l*ISfi9^lll&U. 

(2) V— ^-^flj^i-^T^V-^g >K«fc «5@^&j&*f££U ft J: 0 

(3) v-if-oa6flF*»3i < fcfttt^-ciHitka^gisjBc $ft. 

[0 0 10] 

*A<«ra**feJft-c*, £ft£v9>o < «ft$^ftffiq D pK^.f H # ? #<bft&o ffc, 

[0 0 11] 
[0 0 12] 

ffi&OJ:?^ *36flttt, /^V- «f-* V>XTi#i£4nc*3fcU fOt*ftf 
[0 0 13] 

^*;V^V-->f-O^JK OfrfSfES : photon flux) li, tf8*.wr> 5 
XI 0 5 (watt) JBJUh"C**K #4 L < ti 2 X 1 0 9 (watt) Jgl±T?*So a?;V*V— if- 
<0%&t&<O±W*. WfcttHRSftfcv***. #!ixJ^ 1 0 18 (watt) JSLT-C**)> #4 L< 
tilO 15 (watt) &T*C*»K * •) 0 £ L < »i 1 0 12 (watt) J»TT** 0 
[0 0 14] 

lfeJ6i-*J:d^ V-if-jfeSftflE (W) is J: OWNS (At) Of^, (I) "C~ 

[0 0 15] 

(#) (T/pulse) (J/pulse) 

l(r 6 ~10- 9 0.5~0.5X10" 3 2X10 3 ~2 

ff f lv>ttl 10- 8 -lQ- 9 0.5XlQ- 2 -0.5XlQ- 3 2X10-2 

V— F-ft&JgA : 3ft8fj£ (I) =5X10 5 (watt) &.±(Dm& 
U-1f-*auSEB : (I) =2X10 9 (watt) JBL±0*^ 

(t?3|3>/N*;W^ ix— if-) 

ffi (J/pulse) (J/pulse) 

— JRflMEBB 10- 9 ~10" 12 0:5X10- 3 ~0.5X10" 6 2-2X10' 3 

ftftb^fSB lQ-^-lQ- 12 0.5XlQ- 5 -0.5XlQ- 6 2X IP' 2 ~2X IP' 3 

lx— y-ftSftJKA :**JK (I) =5X1 0 5 (watt) JSL±0»# 
V— «f-*SiJRB : jfclSft (I) =2X10 9 (watt) JSLtOSte 

ffi (J/pulse) (J/pulse) 

mum 2003-3079336 
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— &#7$£H 10- 12 ~10 -15 0.5X10- 6 ~0.5X10 -9 2X10" 3 -2X10" 6 

gSUvMEH 1Q- 13 -10" 15 0.5XlQ- 7 -0.5XlQ- 9 2XlQ- 4 -2XlQ- 6 

V— r-*3ilJKA : jfc^Jg (I) = 5X10 5 (watt) &Jhtf>*fr# 
Iz-f-jfeSUB : (I) = 2X10 9 (watt) Vk±.<DWi& 

* V— »f-<Z>M#*lel&li, JRfK:1IH||R3*l&v*j&*, Wittf, l#l (-¥•%) frh 1 0 0 O^T^I 
. l/10000000Hz~l kHz£>|&H*C&&o J8£*B#ra ^#twiWK$ *v*% 08 x. 
[0 0 16] 

xAb#77^f/^V-f^ • tfn#N d 3t I Y AG V— ^y#-fcfn# 

Nd 3+ : VY04V-f-, Jt^v'^V-¥-fe«ty ? Tlx^-ij-> K9-f b k-f -f ^ 

[0 0 17] 

£L<> «fc <9$?£ L< l±M«Mf*^o *>v^Kitf£?>zft)£te. Wz-&, 200 
- 5 0 0 *K fiL<lil00~3OO %T*& *K J; ^ $f ^ U < t± 50-200% 

T-&£o ^!lx.i^ 2 0-5 0 %"C*> *) , U t L < it 1 0 - 3 0 %"C 

*«K J: L<&5-2 0%T^^>o £ fc, $H^^*i:^^W^lttTfi, 

, PJ7-», tF'J'/f-A, 7*l>7^f'f7^iD-7af'f>W^o t» 
tttti, #!ixJ£, 4-dimetylamino-N-metyl-4' -N-stilbazolium tosylate (DAST) ^tf 

%> o 

[0 0 18] 

jfev>X5, Ht&TMf 8 *%i1r&o H®7Kffi(8 o^^ti, tK 9 fAo Ti3 *) , -e<^^^> 

i&MifcttgLtDmmtmM Ltzmw. i ^x^tzumm^ 6 ^sees *t£ 0 'Htstkw 8 -c«\ 
1 1 

[0 0 19] 

[0 0 2 0] 

(KB) 

JKt*«Iffll-CS*o V-if- 1 0 Oifcft{i800rau B#Wi|JBtel20fs-C&&o U-^-SfcMOigl 
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^ii9p^-e#^o iCiftii, UmmWL7 KMLxmm250 /.J/pulse (2X1 0 9 w 
a t t) <DU-4f-s*)l<XZmH-rzZt tfX~%Z>o 
[0 0 2 1] 

DAST(4-dimetylamino-N-metyl-4' -N-stilbazolium tosylate)3. 5g£^ ^^7— ;V200m 
lis ilFUJsiS^i:*^ #fi200ml <D r 7 n > (SftiM) #S£6KA*u Mzaa^.or 
0'tlS7K*8 F*3tCT2B#^'e55.0 , CtT-±#$^:^ X * - Lfc^fciltfBS^fco i&5 

. W9 GfcWco ?#^m«16B#^miC. 55*CT-10B#WM^ ^^SWoTtf 

o :#lt\ 7*. A h#P-^f-^^*250^J/pulse (2X1 0 9 wa t t) . 
^IL^«lkHzT'2^^M#L7to lB#F^(±^ B Wffi^^v^ i:=gr5iet. ^Ol 

JK250 ^J/pulse (2X10 9 watt). |£*)^IUgMakHzTr 1 ^^V— ^-^ML 

U£ife£!l2] 
[0 0 2 2] 

* h V *A=7jc»0.467g£Jn;L> £fr«m£^TpH4.5Kp^Lfc^ «Mtf- h V 

^Ai^sgisi^iipfiij v^--Ai.25g^j!jnxTii^L7to mza^P&t^mia^#M 

7£. 100ml<7)x7n^^6 twA^ 'g&XH 8 tCT40'Ct?24B#^#L. ^Kfeffi 

Zittzo %<n'ik, 25t:f -e5B#^-e<t*PL. * v-fjv-n ;i/*KT^*6tr£l&*L;fco 

^©M2mlt7 0'jt- b3ml£, 1 O^itt^lSnmiO^yMfti #"9*^6 K^rfl^ 
SAL/Co i^fb^)^7^m6 ^25t:i-^L7tlS«*8F t 3^#©$* > *#t£M&15 
r*-C20B#^T^T^-ii:/io (^/f-Aj&ft) 7 Ofe*Bj£«:23.8 , C"e*>& 

o -etr, ^ B B B o*fm^^v^ fciflnat-cwci-cmiwei^T^*. i4*c-e24i$w# 

#U HS> tt*0#fm**4:V>£i:*||BLfco fLT, «Jg250 ^J/pulse (2X1 
O'wat t) 07xAf^^l/-f-^i^7flKl^, W&JSMLT. gEffcfcB 
SLfco JB&t&fMi. V— F-©*$*UHifc*fc«:JWfe*-*»\ 50Hz. IOOHzTN «€-*L-r*L 
$rfE#?*m2:£-rofiEUH-U a > hn-;vh LT4#<Z>ffi2:*f V— 9 s — *J«#t 
L4r*ofc 0 I'— f-JSIttB^K. 50Hz^ 100Hz*>*ifc4»te*SSi#*fm Lt v»4 C fc 

^ B H B OWiB^B^> *tfcj&»o fe»«ttw500HzH lOOOHzO V— *f - *-£ti-?timtt Ltz tZZ> 

> flMfcrtfc, T/f-AM (3S14) lTV^O«^a, £0 B B B ftOnTt& 

amm 1 ] 

[0 0 2 3] 

fcHC&fr^V^RieFifcfcJBv*^ Y AG V — -f — (fcfeS1064nnu 5ns 
) ^IMLtgfatW^^^f:, TtiriB* ^7X50mHC^m^ HJ * 

A=7Mfc«»0.467g*iJD;U £*UCHm*taxTpH4.5K:BS:L;fc^ fflft?- > V * A1.25g 
£ iVSMPSV yf— A1.25g*JP^TW»Ufco MfcW£LfcftTiESM4i&ifc7«: % 100 
mlOf7nv^i:A^ *Ba^fcT40r-C24l$rafia#U ^tc»»$*fco fOft 

> 25 < C^'t?5B#^-e^4PLx ^>7*5>7-f;V^t:t^!|!j*lt*lfco -£-<7>?#fl£2ml£ 7 
nV±-h3ml£^ 1 0 #0|i/gl8mmO* y'I# § #9;*&fc-f-*L-€*:ft-ftAL;fco ^^<b 

<o u y * m £ 25r l Kite £ £ ist: t -c2oi^hi t?*t $ 
cotw** (Wf-AiiK) wi&jfn^t±23.8 < c-e*^o fir, ^ B H H o*fffi^ 

*v>Cli:*aBt'C14 , C*-C24WFBT?|l|T§^ H1CC24li*»lfla*L, SK> ^ B B B 0*fm 
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^If L^, J»3M*H4. ls-*f-<Dm*)teLmVm.*mtmt. 10Hz, 20Hz, 50Hz, .10 
0Hz. 500Hz, 1000Hz£^*t^iBB#tU 3> hn-;Vfc LT4#0779*$iKi4V--if- 
^HB|tL=&^o/Co V— ¥-^l£til.2m J/pulseT^o^o W—F-JSUHlBSL ftrfio 
#fffif4*ifg-e£1\ Sfefc»t&*njK <-t*^*16'Ctt?10l*MT?»T$^ 12B3fW 

IwiDT-ab^o £©i$fcJl£Jlo#rffitt;|li®-C§-r, IWK, 15T\ Htr^-f-iltL 

|v^7xA h?>v?;vx V— if- 4 i) fcl Oft^lv^, 3tmm 1*2. 5 X 

1 0 5 (wa t t) HJfcflO-^©— T?*lK iWa^ H B a ^MSL^ 

[0 0 2 4] 

1$mi>>X (lOOffiK BBPSfcl. 2 5) 2 6 HrfB^-r-^2 8 0±Kli, v^f 

^nfy^2 775 ? @Bg$ttTV^ 0 jE2JR«0fc 1 1 TSBOa >T>^~ V >X 2 9 

Tfctt. 1 3j&*Eft$*U i^*^ajf*CCD*^7 1 2^TO^1 1 -L 

ffi£E1t$*i-Cv>;& 0 IEfflH««l 1 V-^-MWasH 2 13&*HB«§ 

*LT*5«K *f-2 2M\ l/2Sfefi«2 3HXXf^^2 4 £® o TjE3£li0fU 1 
ftKMItStU ^^n^f yM5-2 5 JioTTfe^lS^^ffitf "btLT7,x-v2 8 

^^-^m^ X&T^mt}? \1&*f-9 >y-7T 4 7V-¥-(800 nm, 120 f8)&&M 

«**AoTV>4 0 V>T\ V— 9*-2 2 ^BBJti-^i:. Xf-y2 8±l:Ef 

Ztitz-vf ^nf^ 7*2 7t*KZ>#V VVifi?»ft«j: V— if- 2 2#t*t^o * 
It, v>f ?n^y 7°2 7l*JOtftHR±, CCD^i^7l2-eIitSo 
[0 0 2 5] 

*>. »»©*ftCJ:^ J Xf V>f t^Mf*H:f HT-7x A Fff-^ >t 7 7 ^ 

tfcU «3S : J-»4V-''f-**j**»?)3»^*^l«0^ff$^So iOf^CU^'J^f 
1/>»<OSi^CCD*^7«U V— y-W**jftC)&*?>l**L*K«*W^*i 
fc K 4 0 N ffim$L<D*Z £ fcja.il* o tzo HI 3 14, — Jf-flMtfc 4 *«*&*»^ 

2 «f-^fe*^L. 3 3 f4*°'J W^«T-£ttcU 3 4 »±l/~ if-0**jflt*w 
U 3 7t4*-';^^i^^m®?-^M^^o 1114(4, u-4f-mmt, * 

ra*^u mmt. owsfrvtiLW. (r) Ro^ms^^^w^ 

Bggi (L) <D M« 56* fcWilfc I- 4 19 f&^-T * 73 (Fo ) ^ Jl« ^> £ t tfX § S 0 
[0 0 2 6] 
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— =- = -bnrir 

df 2 * 



X = J R(f = oo)- J R 0 

<^> X — — 2 

24^ 1$ 



— V-OjteSWtfcW*^ J: 06 0^5 71: 

^-fo z-cosfyy^z&^x, mk\tmW9L*>'h (Fo) *5fU *<*JiV— <f-36SIJK ( 
Io) 'Sr^i-o B^OJ:}^ £<7>##$)-C(i. 6 OnJ/pulseJeiLJi"e«*&*?tBT?§fc 

rjeii$*t*w— y-s*jK-c»4ft<, *nwnH3ti-**o*jK (i) k * *> M«^t e> 

*L4 0 iotfUtii, ^WW (At) l 2 o f s o/^w* v— f-ou~f-3&jR (W 
) rt ? 6 OnJ/pulseT^o*:^^ -e?>7fr&Jg (I) t±> J^TOi^CiSo 
[0 0 2 7] 

I =W/A t = 5 X 1 0 5 (J/s • pulse=watt) 

Lfc#ot, ico##^U-et±, B#^H (At) (±> At<W/5Xl0 5 J:*§o 
[0 0 2 8] 

^itmwttjwpeuyf— a (i4kDa) *f&&ik\.izmM j mx$>z>c ?y*?%m 

TtiL<D&tfrte. 2 5mg/ml.^'r/f-A, 2. 5 h V ? A. 0. lMOf^m 
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[0 0 2 9] 

£H?J*$*l£ *f-#*> 57-102, 10 3. 1 0 4 *3 «fc Ifv^r 7 * - 

1 0 5 *MMLXttmi'>Z (1 Offif) 10 8"?H:3fe$*U &MC>-f\'- MO 9©^ 
W/&#S?S& 10 7 * 5 i:4oTv>5o miBM^fk^V- M0 9li, 

iL-cv^t-^-^i o 6 t*^-rzo mtt-^-mm±, ?>s*?nmw.fci$ 

>^^K»«03K|&3&»iEjt$^So HHK^t. 1 1 0 tt->-y v^r— ^T^O 
, 1 1 ll±itE #9* LTx ' tMSttAWJftMffi 1 0 7W\ 1 2 

•CI«-e®^-e£&«fc-?K&o-C:j3*K i/;CCD 1 1 3 ^iSJ:^-*- 1 1 4 K 

[0 0 3 0] 

5%± 5%) t?1f ofco V— »f-oafe«(±7 8 0 nm. ft HUB 2 0 0 7xAff> (f s 
[0 0 3 1] 

* 10^1*. 1 1 o <oti?tL<nm&rfij8&%m 1 o 7 

MJCTISife^tcu-lf-Sr^lSSttfco V"— *?-<Ds*)l>xmmi* 1 - 9 5n 
J/;-f;v^-C$>o^o ^f^-^llfl^Ci^ 8^;i/X (l/12 5t) , 6 2 /n' 
)VX (1/16#) > 2 4 0 0 0/^ (2 4#) , fiBjt&L (OfJO fcU /^V^gtfc 

[0 0 3 2] 

/Co fofcft, /t^afc^ftr*-**:. »ft«o&jB*j&**«m"**;fc** »*tL-c, fir 

[IBtffl 4 ] 
[0 0 3 3] 

^WJf*. HH (l7kDa) Ofira-fk^^teffil^** o 

f&fi, 5mg/m 1 1^7-"fe'H*, 0. 0 5M©h'UJfi»a«jft (pH9. 

Ltzo ttz, ■v-^-m (*M80 tu, o. 2M©hv^tta, pH9. ofcflustfc 

[0 0 3 4] 

-r^^*>. ^v^^smi o^ i ^^ B H H w^#tfSRi o 7tcAtt, -s— 1 

06C100// l«i^Lfco f LT, IjftPT ^ K I/-f - ti 

T\ M6 5%±5%) -e^fc^o U-if-©afcfitt7 8 0 nm, 1$ MB ft 2 0 07xA 
hfj> (f s) , V— y-H«OHI»)>gUffl*a[ttl kH ztNfefco U— y-jfc3ftft»±, « 
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t Ki. l9P^t^o k-^f-^r^^jftte 1 . 95aJ//^t^/; 0 v^r 
y *-co§{§PJ!B#fB!m: *K 8/^V* (1/12 5500 > 6 2/^ (1/1 6#) . 4 0 
0 0a-;w (4$0 , 8 0 0 (8 80 > L (0#) tL, /^V^ifeSr^ffc 

[0 0 3 5] 

V— f-Mtt&tt 1 4rKt££L£MS«I*lK#gLT. ^-©tW^f* Si^ Lfc 

Xfc 4 0 0 0/^^S:IitLft»j(E*f)li, iS B H H <7>*fffi^mS0t?§ £0 4fc, 8 0 0 0^ 

[H»J 5 ] 
[0 0 3 6] 

yfrX-Xj V* 9— fe* (17 3kDa) Oiftfi'fkO^Jfc^-CabSo * 
^Ki&ifcli* 2 0mg/ml(O^l/3-X^y^7-^, 0. 2 M<B?fcBft7 7 A 

(pH7. 0) ic^iftt?»»tTW»t7to **>1&. *-y-f*9>-7 4 frfizxTpmrn 

ife&Vito ttz^ 4)—s*-m (W-WO tU, 0. 2MO«7> ; E-^A, 1 5°/oO 
#Ufl/>^3-A' (PEG) 6 0 0 0 t»»U#it (pH7. 0) *itL/; 0 

[0 0 3 7] 

1"&:b*>, *>v<*fi»ifcl 0^ 1 £;S£ H B H WJ&#S?SR1 0 7K;UU •9— 
0 6 \z 1 0 0 fi 1 <Wi£££-&L£o -eo^ 1 06*f>5^ 1 fcfcXy 

Hcxi&v>_Ltj% *t H B B W$#§fl3n 0 7 KftAU i'V/^S^tt-A-ft^+S' 
?i^o fit, MtwT^>^^K*«»t»KP— <f-tH*R5S*L*:o ^--if-OHBM 
li, M-i&flMfSLfc^V-V/l'-Art (fig2 3t±2i:, MJK6 5%±5%) TMr 
ofc, l^-f-O$ftli7 8 0 nm, Bf^gfi 2 0 0 7 * A h# (f s) > V— 5&R 
o»9SIUai!fe»lil kHz-?**,, I/— y-*9ftfttt. !>fM&L;fc 

— vf-o>rtfr7s&m± 1 . 9 5 n J /^;V*Tr&ofco v^r 7 * -OPi|l§B#H&;: J: 19, 8 
(1/1 2 5#) , 4 0 0 0^;v* (4#) , BB.lt* L (0^0 t U sDVXWt* 

miotic* 

[0 0 3 8] 

o 9*-J»lt 1 Bfc©3£J** Hll OCftc - -If - ^ BBfj- L fcjgffca* h ttjjgig, <Dffim 

[ftttfll 6 ] 

[0 0 3 9] 

f'J^7V-vfi^oX^^7>y>F2 a ^« (3 1kDa) O&f 

&>s*?%mm±, 2 0m g /mi«M»^ o. 005 

M^)-3f ^75 K7f->^^V*f FT/t (NADP+) 0. 0 4 M<D 

v v xmmfflKWL (phs. o) n»"c+59*»$*3tr. »»tfco -e<^ *y-? 
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